Abstract: This study evaluated fracture torque by torsion, in relation to the length and diameter of orthodontic mini-implants, to demonstrate their viability for clinical and experimental use based on the torque recommended by the manufacturers. The fractures at the moment of insertion, whose incidence in the literature is around 4%, are principally due to excessive force and the inability of the implant to resist rotational forces. Thirty orthodontic mini-implants of three commercial brands available in Brazil (Neodent 1.6 x 9 mm, Dentoflex 1.6 x 9 mm and Kopp 1.6 x 9 mm) were attached to a device made specifically for this research, leaving the mini-implants with sufficient stability. The miniimplants were submitted to torsion torque, using a digital torque wrench, until their breaking point. The values obtained with the test were submitted to analysis of variance and the Tukey test. The mean values of mini-implant ruptures were 26 N.cm for group A (Dentoflex), 25.4 N. cm for group B (Kopp) and 32.8 N.cm for group C (Neodent). From the Tukey test we could observe that the relationships between the means of the Dentoflex and Neodent groups, and between the Kopp and Neodent groups, were significant. Between the Dentoflex and Kopp groups, significance was nonexistent. All the values found in our research for fracture torque were higher than the limits recommended by the manufacturers for clinical use in orthodontics. The highest values were found in the Neodent group.
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Introduction
The use of mini-implants for orthodontic anchoring in static mode is indicated in several situations, such as: anterior retraction, intrusion, verticalization, small orthodontic movements, among others. Therefore, the interaction between the implantodontist and the orthodontist is essential for planning. The shape of the mini-implant may be cylindrical or conical, and the active end may be self-drilling. Its installation is simple and quick, and it may be transmucosal or with flap under local infiltration anesthesia. The activation may be immediate or delayed, using typical orthodontic forces of 150 to 200 grams. 1 The removal of implants may frequently be done without need of anesthesia, using removal torque in the opposite direction to its thread.
Past success rates, taking into account the numerous prototypes de-veloped, show success between 60-85%. 2 Currently, this rate is around 90%. 3 The general contra-indication for its use is the same for patients with restrictions against surgical interventions in general (systemic problems, patients too weak for surgery); with insufficient space and/or bone volume between the roots of the teeth; heavy smokers; patients with poor oral hygiene; pathologies of the oral mucosa; as well as unmotivated or uncooperative patients. 4 Mini-implant fracture can occur due to several factors, such as: diameter, length, macrogeometry, surgical technique, implantation and removal torque, 2, 5, 6, 7 since the main concentration of stress is in the area of the neck of the mini-implant. 5 Therefore, it is necessary to know the working system and its technical characteristics in order to avoid overtorquing. If a fracture occurs, removal of the fragment requires a surgical procedure. Depending on its location, preserving by taking clinical and radiographic controls of the fragment, or substituting the fractured mini-implant with another of larger diameter, or selecting a new point of implantation, are options that may be pursued.
Mini-implants may vary according to density, length and size of the transmucosal profile, and may have diameters between 1.0 and 2.0 mm, lengths between 4 and 15 mm, and transmucosal profiles measuring between 1 and 3 mm. 8 However, the clinical preference among orthodontists who use miniimplants, according to Brandão et al., 7 falls on the shorter and less thick. The option for smaller screws decreases the risk of accidents during the surgical placement; but, it also brings possible technical disadvantages, such as less mechanical resistance by the device. 7 In this way, as an experimental study, the maximum torques for torsion fracture in mini-implants from three different, commercially available Brazilian manufacturers, and their correlation with the manufacturers and recommended torque, were evaluated.
Materials and methods
Thirty orthodontic, self-drilling, titanium miniimplants, ASTM F-136 grade V, Ti-6Al-4V, commercially available from three different Brazilian companies, were used. Their assignment to the study groups is shown in Table 1 .
An aluminum fixture similar to a capsule was made to evaluate the torque necessary to cause a fracture. This had a channel, into which the mini-implant was inserted, to prevent lateral tension ( Figure  1) .
The mini-implants were positioned firmly into the fixture, leaving 1.5 mm of the screw, measured with a stainless-steel thickness gauge, ref. P.156 (Temper. Inox Instrumentos cirúrgicos e odontológicos Ltda., São Paulo, Brazil), not inserted into the aluminum capsule, since the thickness of the attached gingiva varies between 1 and 1.5 mm. 9 Following, the capsule was screwed such that the mini-implant was stabilized, preventing rotational movement. The combined mini-implant/fixture was secured in a vise-grip (Mini vise 40 mm Western mod. F-40, E.I.C., New Delhi, India), leaving the head of the screw immovable. Next, the head of the mini-implant was placed into its specific insertion guide, according to its commercial brand. The Table 1 -Characteristics and group assignment of the orthodontic mini-implants. digital torque wrench TQ-680 (Instrutherm Ltda., São Paulo, Brazil), attached to the head of the miniimplant, measured the torque necessary to fracture it, noting the control of the installation torque according to manufacturer's instructions. The torque wrench was adjusted to the PEAK function, so we could know the maximum torque attained, and was reset to zero after being attached to the head of the mini-implant. The torque wrench was activated until the rupture torque was reached, thus representing the value obtained at the exact moment at which the fracture of the mini-implant occurred. This evaluation determines the resistance of the mini-implant to the torsion motion, by means of the maximum torque that can be applied to the specimen. The maximum rupture torque was expressed according to the scale in N.cm.
Statistical analysis was done using the Biostat 5.0 software (Sociedade Civil Mamirauá, Belém, Brazil). 10 The values obtained for the rupture torque were submitted to analysis of variance (ANOVA) and the Tukey test, in order to determine possible statistical differences between the groups. Descriptive statistical analyses, including mean, standard deviation, median, minimum and maximum values, were calculated for the three groups.
Results
The thirty fractured samples and the results, in N.cm, are shown in Table 2 , numbered according to the sequence in which the tests were performed.
From the descriptive statistics shown in Table  3 , it is observed that the means of the groups were: 26 N.cm for group A (Dentoflex), 25.4 N.cm for group B (Kopp), and 32.8 N.cm for group C (Neodent).
Group B showed the greatest variance among the rupture torques, with 6.7111; and the least occurred in group A, with 0.4444. The Coefficient of Variation shows the variance in percent, making the deviation more visual. Thus, among the rupture torques found, we observed that the greatest variation was observed for Kopp, with 10.20%; followed by Neodent, with 5.53%; and Dentoflex, with 2.56%.
According to Table 4 (ANOVA), there were statistically significant differences for one criterion among both the Dentoflex and Neodent, and the Kopp and Neodent, groups. The highest values were for the Neodent group. 
Discussion
Knowledge of the biomechanical performance of orthodontic mini-implants can provide less failure and better guidelines for clinical use, as they show the most varied shapes and dimensions.
The use of orthodontic mini-implants has some advantages in relation to other methods, such as: providing absolute anchoring; reduction of the risk of root injury; ease of handling, installation and removal; minimal irritation of adjacent tissues; controlled distribution of orthodontic mechanics; stability after installation. 11 Among the disadvantages are trans-operative problems, including fractures at the moment of insertion (whose incidence in the literature is around 4% 5 ), due mainly to excessive force and the inability to resist rotational forces. 12 To determine the mechanical resistance of any material, such as ductility, hardness and tenacity, mechanical tests that can evaluate their functional performance must be done. This is how the mini-implants used in this study were evaluated, in the state in which they are marketed. The insertion torque is proportional to the area of contact of the miniimplant with the bone. Thus, the larger the diameter, the greater the torque necessary, and this varies according to such characteristics as: external diameter, length and body of the mini-implants. Implants with a large cutting edge are easier to insert. 13 A study conducted with the objective of determining the variability of the rotational forces applied to the prosthetic keys, for digital (with the fingers) use, aimed at tightening the implant components, pointed out average measurements of 26.58 N.cm (± 6.52 percent).
14 Fractures of the mini-implants may, thus, occur during digital insertion.
Self-drilling mini-implants have greater advantages than mini-implants that require surgical procedures that rely on the use of earlier surgical drills; however, the torque necessary to install the selfdrilling ones may bring forth other problems. 15 Knowledge of the information relevant to the maximum torque tolerated by the screws should be made evident to dentists, in order to avoid operating failures; often, such information is not easily available in the packaging or leaflets. The businesses contacted stated that the maximum insertion torque for the mini-implants of 1.6 mm should be 20 N.cm for Neodent, 20 N.cm for Dentoflex, and 15 N.cm for Kopp.
The values found in this study exceeded the recommended values for maximum insertion torque (20 N.cm for Dentoflex and Neodent), and were much higher than the mean insertion force observed for mini-implants, which would be between 5 and 10 N.cm, and could reach 15 N.cm. 15 We selected three Brazilian mini-implants, 1.6 mm in diameter. It is agreed that this diameter has a high success rate for primary stability. 15, 16 To avoid lateral movement, a metallurgical device was created to hold the mini-implants during the tests, such that there was no movement which would compromise the results obtained.
In Table 3 , it is observed that the means of the groups were: 26 N.cm for group A (Dentoflex), 25.4 N.cm for group B (Kopp), and 32.8 N.cm for group C (Neodent). Thus, Group 1 (Dentoflex) presented very similar values (less variance between the rupture torques = 0.4444), while group B (Kopp) was discrepant within itself (greater variance among the rupture torques = 6.7111). The Coefficient of Variation indicates the variance in percent, making the deviation more visible. Thus, the group with the greatest variation in rupture torque was Kopp, with 10.20%; followed by Neodent, with 5.53%; and Dentoflex, with 2.56%.
From the Tukey test we could observe that the relationship between the means of the Dentoflex and Neodent groups, and between the Kopp and Neodent groups, was significant. There was no significance between the Dentoflex and Kopp groups.
Although the three commercial brands of miniimplants evaluated were produced using the same type of material and following the same norms, some factors may interfere with the result. Possibly the best performance, by Group C (Neodent), may be explained by the presence of the transmucosal profile.
Pithon et al., 17 performing a comparative study, analyzed the fracture torques of different brands of orthodontic mini-implants. They were inserted into a pig's femur with 1.7 g/cm³ density (the values described for human mandibles are between 0.85 the torque necessary for insertion varies from 20 to 40 N.cm. In these situations, it would be advisable to use pilot drills in order to decrease bone resistance, reducing the possibility of fracture. 19 The excessive use of torque may result in fracture of the mini-implant and instability at the interface between the implant and the bone. Whenever possible, the insertion should be done using the torque wrench offered by the implant system to be used, and following the conditions suggested by the manufacturers.
Good surgical-orthodontic planning avoids the occurrence of occasional failures.
Conclusion
Within the limitations of this study, the fracture torque values found in our research are superior to those limits recommended by the manufacturers for clinical use in orthodontics. The highest values were found for the Neodent group. and 1.53 g/cm³). For Neodent implants of 1.6 mm x 7 mm, a mean of 49.8 N.cm and a minimum of 47.8 N.cm were observed. The other brands used in this study were SIN (mean of 99.5 N.cm), Titanium Fix (mean of 54.85 N.cm), and INP (mean of 54.3N.cm). The values found in a similar test were less than the ones found by those researchers; one explanation for this may be the use of cortical bone by that group. 17 Nova et al. 18 showed no significant difference between SIN and Neodent mini-implants, with mean values of 35.14 N.cm for the SIN group and 27.42 N.cm for Neodent. The authors state that torques between 35 and 50 N.cm may cause fracture in the mini-implant, and recommend limiting the insertion torque to 20 N.cm. 18 Given our results, there are evident differences between manufacturers and researchers.
Care must be taken when the cortical bone measures are greater than 2 mm because, depending on the different formats of the mini-implants,
